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LONG-TERM HYDROLOGIC MONITORING PROGRAM 

RULISON SITE 

GRAND VALLEY, COLORADO 

I. INTRODUCTION 

The Nevada Operations Office (NV), U.S. Department of Energy (DOE)*, 

acknowledges the responsibility of obtaining and having available for 

dissemination data for all locations where nuclear devices have been tested 

appropriate and adequate to: 

1. Assure the public safety. 

2. Inform the public, the news media, and the scientific community relative 

to radiological contamination. 

5 
3. Document compliance with existing federal, state, and local antipollution 

requirements. 

*Under the provisions of the Energy Reorganization Act of 1974, the U.S. 
Atomic Energy Commission (AEC) was abolished on January 19, 1975, and the U.S. 
Energy Research and Development Administration (ERDA) established in its 
place. By executive order, ERDA was abolished on September 30, 1977, and the 
U.S. Department of Energy (DOE) was created to perform essentially all of the 
programs carried out by the AEC/ERDA. Most of the activities described herein 
occurred prior t o  the establishment of ERDA/DOE; therefore, for the purposes 
of this report, AEC will be used for activities prior to January 19, 1975; 
ERDA for activities from January 20, 1975 to September 30, 1977; and DOE for 
activities after that date. Any and all commitments made by the AEC and ERDA 
will be honored by DOE. 
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This responsibility can best be fulfilled by execution of a long-term 

hydrologic monitoring program. This program i s  carried out by the Monitoring 

Operations Division, U.S. Environmental Protection Agency, Environmental 

Monitoring Systems Laboratory, Las Vegas, Nevada (EPA/EMSL-LV), under the 

cognizance of the Environmental Branch, Health Physics Division, DOE/NV. 

It is contemplated that the long-term monitoring program will remain in effect 

until, based on program results, action is taken to modify or terminate it. 

11. SITE DESCRIPTION 

A. Geoloqic and Topoqraphic Settinq 

The Project Rulison site i s  located in Section 25, Township 7 s o u t h ,  

Range 95 west, Garfield County, Colorado. It is situated on the north 

slope of Battlement Mesa on the upper reaches of Battlement Creek. 

The site elevation is approximately 8,200 feet (2,500 meters). The 

valley is open to the north-northwest and is bound on the other three 

sides by steep mountain slopes rising above 9,600 feet (2,927 meters) 

(Reference 1). 

The site is accessible by a graveled road which connects with the 

county road system. The nearest city with commercial airline service 

is Grand Junction, population about 28,500*, approximately 40 miles 

*Based on the 1980 Population Census. 
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(64.5 kilometers) to the southwest. The nearest city with substantial 

industry is Rifle, which has a population in excess of 3,250*, and is 

located about 12 miles (19.3 kilometers) to the northeast. The 

closest town is Grand Valley, population of around 340*, which lies 

approximately 6 miles (9.7 kilometers) northwest of surface ground 

zero. 

In all, about 60 people live within 5 miles (8.1 kilometers) of sur- 

face ground zero and 300 people live from 5 to 10 miles (8.1 to 16.1 

kilometers) of SGZ. Approximately four permanent habitations are 

located closer than 3.5 miles (5.6 kilometers) (Figure 1) 

(Reference 2). 

B. Climate and Meteoroloqy 

(Reference 3). The Rulison site lies in 

extends in a NNW-SSE direction resulting in 

regime. Movement of air away from the Rul 

trolled by three wind regimes. Valley dra 

The average annual precipitation at the Rulison site is 20 inches (50 

cm). The temperature range is from -1OOF to +98OF (-23OC to +37OC 

a mountain valley which 

a pronounced diurnal wind 

son SGZ, i s  primarily con- 

nage winds and daily up- 

slope winds in both the Battlement Creek Valley and the Colorado River 

Valley comprise two separate wind regimes. Regional gradient winds, 

the third regime, blow generally to the east-northeast above the 

topographical features throughout the year (Figure 2) (Reference 4). 

~~ 

*Based on the 1980 Population Census. 
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Figure 1: Index Map o f  Project Rulison S i t e  
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F i g u r e  2: R u l i s o n  Area Wind Regimes 
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C. Geoloqy 

The p r o j e c t  R u l i s o n  s i t e  i s  on t h e  southwest l i m b  o f  t h e  Piceance 

Creek basin,  a l a r g e  n o r t h w e s t - t r e n d i n g  s t r u c t u r a l  downwarp i n  n o r t h -  

western Colorado. Beds pene t ra ted  by  t h e  e x p l o r a t o r y  and emplacement 

h o l e s  d i p  no r theas tward  a t  20  o r  less.  The r o c k s  u n d e r l y i n g  t h e  

R u l i s o n  s i t e  range i n  age f rom Qua te rna ry  t o  Precambrian. However, 

t h e  s t r a t i g r a p h i c  s e c t i o n  o f  i n t e r e s t  extends o n l y  th rough  t h e  Mesa 

Verde Group ( F i g u r e s  3 and 4 )  (Reference 5 ) .  

Format ions p e n e t r a t e d  b y  t h e  e x p l o r a t o r y  and emplacement d r i l l  h o l e s  

a r e  i n  descending o r d e r :  

0uaternar.y d e p o s i t s  average i n  t h i c k n e s s  f rom 20 t o  40 f e e t  (6 .1 t o  

12.2 meters) ,  b u t  l o c a l l y  may be over  100 f e e t  t h i c k  (30.1 meters) .  

Deposi ts  i n c l u d e  mud f lows,  t a l u s  accumulat ions,  f a n  and pediment 

g rave l ,  slump b locks ,  and a l l u v i u m  a t  B a t t l e m e n t  Creek and t h e  

Colorado River .  

The Green R i v e r  Format ion,  o f  T e r t i a r y  age, has f o u r  submembers. In 

descending o r d e r  t h e y  a r e  t h e  Evacuat ion Creek, t h e  Parachute Creek, 

t h e  Garden Gulch, and t h e  Douglas Creek members. T h i s  f o r m a t i o n  i s  

about 1,700 f e e t  (518.3 meters)  t h i c k  a t  t h e  R u l i s o n  s i t e  and i s  com- 

posed c h i e f l y  o f  sha le  and mar ls tone,  w i t h  minor  amounts o f  sandstone, 

s i l t s t o n e ,  and l imestone. 

-6 - 
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F i g u r e  4: P r o j e c t  Ru l ison- -Genera l i zed  Geologic  Cross Sec t ion  
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The Wasatch Formation, of Tertiary 

(1,189 meters) thick at the Rulison 

colored clay and shale with sporatic 

The Fort Union Formation. of Tert 

age, i s  approximately 3,900 feet 

site. It is composed of brightly 

sandstone lenses. 

ary age, is less than 500 feet 

(152.4 meters) thick in the Rulison area. It consists primarily of 

sandstone and shale, with a few thin beds of coal. 

The Ohio Creek Formation, the lowermost Tertiary unit in the area 

varies i n  thickness from 37 to 76 feet (11.3 to 23.2 meters). It 

consists primarily of conglomerate, sandstone, and siltstone. 

The Mesa Verde Group, which is upper Cretaceous in age, has three 

submembers. In descending order, they are the Lewis-Lance equivalent, 

the Williams Fork, and the Isle. Total thickness o f  the Mesa Verde 

Group is approximately 2,500 feet (762.2 meters) and consists chiefly 

of sandstone with interbedded shales. 

D. Hydrolog1 

The northern part of the Piceance Creek structural bas n is drained by 

the White River. The southern part of the basin i s  drained by the 

Colorado River. Drainage in the vicinity of the Rulison site is 

northward to the Colorado River. The Colorado River and its larger 

tributaries in the area flow on alluvial deposits. Limited coring, 

conducted by the U.S. Geological Survey, shows that suballuvial floors 

-9- 



of the valley are approximately 80 to 100 feet (24.4 to 30.5 meters) 

below the flowing stream levels (Reference 6). 
i 

Most precipitation is carried into the Colorado River by small streams 

or underflow in alluvial fill or alluvial terraces. A few springs are 

present where the underflow in the alluvium is deflected to the sur- 

face by impermeable bedrock. 

The Quaternary deposits produce a good supply of groundwater to 

shallow wells. The Green River Formation has only minor amounts of 

groundwater. The Wasatch Formation is not generally a source of 

water. The Fort Union Formation is not known to yield water in the 

Rulison area. The Ohio Creek Formation yields only minor amounts o f  

water local ly. The Mesa Verde Group yields no significant 

groundwater. 

Hydrologic tests were conducted in the Rulison exploratory hole, 

thereby defining the hydrologic system overlying the detonation point. 

These tests were conducted by the U.S. Geological Survey. The USGS 

concluded that little or no mobile water exists in the Ohio Creek 

conglomerate or the Mesa Verde Group which are the stratigraphic units 

most likely t o  yield water to the zone of effects (Reference 6). 

-10- 



111. SITE HISTORY 

A. Event I n f o r m a t i o n  

The R u l i s o n  program was d i v i d e d  i n t o  t h r e e  phases. Phase I i n c l u d e d  

d r i  11 i n g  t h e  p resho t  e x p l o r a t o r y  h o l e  (R-EX) and t h e  emplacement h o l e  

(R-E). Phase I a l s o  i n c l u d e d  p resho t  gas p r o d u c t i o n  t e s t s  and p resho t  

g e o l o g i c  and h y d r o l o g i c  i n v e s t i g a t i o n s .  

Phase I 1  i n c l u d e d  s u r f a c e  c o n s t r u c t  

t h e  43 - + 8 KT y i e l d  n u c l e a r  d e v i c e  

o f  8,430 f e e t  (2,570 me te rs )  below t 

Phase 

c o n t r o  

gas t o  

n a t u r a  

on, emplacement, and d e t o n a t i o n  o f  

on September 10, 1969, a t  a depth 

le l a n d  su r face .  

I 1 1  o f  t h e  exper iment,  i n i t i a t e d  by  A p r i l  1970, i n v o l v e d  

l e d  d r i l l b a c k  i n t o  t h e  c a v i t y  f o l l o w e d  by f l o w  t e s t i n g  o f  t h e  

determine t h e  c a v i t y  s i z e  and t h e  r a t e  and volume a t  wh ch t h e  

gas c o u l d  be produced (Reference 7 ) .  

B. Contaminat ion a t  t h e  S i t e  

E s s e n t i a l l y  a l l  o f  t h e  explos ion-produced r a d i o n u c l i d e s  i n  t h e  R u l i s o n  

event  were con ta ined  w i t h i n  t h e  Mesa Verde Format ion (Reference 8 ) .  

The o n l y  contaminants r e l e a s e d  a t  t h e  R u l i s o n  s i t e  were i n  t h e  fo rm o f  

gases d u r i n g  t h e  gas p r o d u c t i o n  t e s t i n g  phase. A l l  gas r e l e a s e s  were 

c a r e f u l l y  c o n t r o l l e d .  An e x t e n s i v e  o n - s i t e  and o f f - s i t e  r a d i a t i o n  

s u r v e i l l a n c e  e f f o r t  f a i l e d  t o  d e t e c t  any r a d i o a c t i v i t y  o t h e r  than  3H 

-11- 



and 85Kr in the environment. Typically, the concentrations of these. 

isotopes in air ranged from about a 10-millionth to a 100-millionth of 

their concentration in the gas (Reference 9 ) .  

The highest air concentration seen was 105 times less than the 

established by the AEC Manual 0524 for occupational workers. Ana 

eve 1 

ysis 

of on-site vegetation and samples showed only worldwide fallout and 

natural activity, except for areas with known spills and the close-in 

area contaminated with fallout or snowout from the flare stack 

(Reference 10) .  

C. Site Cleanup 

Eberline Instrument Corporation (EIC) was assigned under contract t o  

furnish radiological support for the cleanup of the Project Rul 

site. Three EIC employees plus one man from the NV Radiolog 

Operations Division participated. As the funding organization for  

cleanup operations, the Austral Oil Company provided- one superv 

plus a five-man labor crew. 

son 

cal 

the 

sor 

There were three sampling programs conducted at the Rulison site. 

After completion of production testing in 1971, soil around the flare 

stack was sampled in a radial I 

ducted in conjunction with the 

soil, vegetation, and water on 

more samples around the flare s 

attern. The second program was con- 

1972 general cleanup. It included 

and around the R-EX area, including 

ack. The third program was part of 

-12 - 



the final cleanup (1976) connected with well plugging and abandon- 

ment. It included extensive soil sampling in areas of known or 

potential contamination based on the results of prior sampling and 

operating experience. This program also included sampling the creek 

above and below the site as well as spring water at the site. 

The three sampling programs adequately delineated the extent of soil 

and water contamination in the site area after completion of plugging 

procedures on the R-E and R-EX wells. The only radioactive nuclide in 

the environment of the site, other than those naturally occurring or 

resulting from worldwide fallout, was tritium. Final survey concen- 

tration did not exceed the guideline limit of 3 x pCi/ml (3 x 

104 pCi/ml) of soil moisture as cited in NVO-174 (Rev. 1) (Reference 

11). 

After the final cleanup was completed, a survey of the site was made 

at 1 cm distance on a 50-foot grid (10-foot grid over areas of known 

spills) using a HP-210 beta-gamma probe having less than 7 mg/cm2 

absorber. No reading was obtained greater than the ambient 

background (0.02 mrad/hr) o f  the area (Reference 11). 

No burial of radioactive solids was made on the Rulison site 

(Reference 12). All waste materials with contamination levels 

approaching the above discussed site disposal criteria were appro- 

priately packaged and disposed of at the project's termination. It 

was concluded that no hazards due to radioactivity are currently 

-13- 

Y 



presen t  a t ,  o r  i n  

(Reference 13 ) .  

D. Groundwater Contam 

p r o x i m i t y  to, t h e  land su r face  on t h e  R u l i s o n  s i t e  

n a t i o n  P r e d i c t  on 

Teledyne I so topes  ( T I )  , Pa lo  A l t o  Laboratory ,  made p resho t  i n v e s t i g a -  

t i o n s  o f  t h e  h y d r o l o g i c  environment a t  t h e  P r o j e c t  R u l i s o n  s i t e .  T I ,  

u s i n g  f i e l d  da ta  accumulated by t h e  U.S. Geolog ica l  Survey, p r e d i c t e d  

t h e  e x t e n t  o f  groundwater con tamina t ion  f o r  t h e  R u l i s o n  event .  The 

R u l i s o n  dev i ce  was emplaced near t h e  base of t h e  Mesa Verde Format 

(see F i g u r e  2)  a t  a depth o f  8,430 f e e t  (2,570 meters) .  T h i s  depth 

b u r i a l  was c o n s i d e r a b l y  g r e a t e r  than t h a t  r e q u i r e d  f o r  normal con ta  

on 

of 

n -  

ment purposes. E s s e n t i a l l y  a1 1 o f  t h e  explos ion-produced r a d i o -  

n u c l i d e s  were con ta ined  w i t h i n  t h e  Mesa Verde Formation. Groundwater 

movement i n  t h i s  f o r m a t i o n  i s  es t ima ted  t o  be a maximum o f  one f o o t  

(0.3 meters)  p e r  day. The most p robab le  r a t e  be ing  c l o s e r  t o  ze ro  

(Reference 8 ) .  

Assuming t h e  one f o o t  (0.3 meter)  p e r  day r a t e  o f  f low,  T I  p r e d i c t e d  

t h a t  t r i t i u m ,  t h e  r a d i o n u c l i d e  o f  concern, would move l e s s  than one 

m i l e  (1.61 k i l o m e t e r s )  b e f o r e  decaying t o  a c o n c e n t r a t i o n  l e s s  than 

t h e  e s t a b l i s h e d  R a d i a t i o n  Concent ra t ion  Guide (RCG) f o r  d r i n k i n g  

water, which a t  t h a t  t i m e  was 1 x 106 pc i /L .  A f t e r  1979, t h e  RCG f o r  

d r i n k i n g  water  was lowered t o  2 x 104 pCi/L. 

-14 - 
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. E. Hydro loq i c  M o n i t o r i n q  

1. Preevent  H.ydroloqic M o n i t o r i n g  

The U.S. Geo log ica l  Survey conducted a p resho t  i n v e n t o r y  o f  w e l l s  

and s p r i n g s  i n  t h e  R u l i s o n  area between March 20 and May 25, 

1969. The purpose o f  t h e  i n v e n t o r y  was t o  document t h e  c o n d i t i o n  

of w e l l s  and sp r ings  and t o  c o l l e c t  water  samples f o r  chemical  

and rad iochemica l  ana lys is .  A l l  known w e l l s  w i t h i n  a 6 .2 -mi le  

( 1 0 - k i l o m e t e r )  r a d i u s  o f  t h e  R u l i s o n  emplacement h o l e  were 

i n v e n t o r i e d .  Se lec ted  w e l l s  and, s p r i n g s  were i n v e n t o r i e d  w i t h i n  

a 10-  t o  20 -m i le  (16.1- t o  32 .2-k i lometer )  r a d i u s .  A t o t a l  o f  29 

sample l o c a t i o n s  were s e l e c t e d  f o r  background rad iochemica l  

analyses. Subsequently, a sampling network o f  21  s t a t i o n s  was 

e s t a b l i s h e d  t o  p r o v i d e  t h e  b a s i s  o f  e v a l u a t i n g  pos tsho t  changes 

i n  r a d i o n u c l i d e  c o n c e n t r a t i o n s  (Reference 8).  

2. Postevent  H.ydroloqic M o n i t o r i n q  

The p r e e s t a b l i s h e d  h y d r o l o g i c  network o f  21  s t a t i o n s  i n i t i a t e d  

f o r  rad iochemica l  a n a l y s i s  was sampled 10  days a f t e r  t h e  R u l i s o n  

event. A n a l y s i s  conf i rmed t h a t  t h e  event  had n o t  caused any 

i nc rease  i n  r a d i o a c t i v i t y  i n  sur face o r  groundwater s u p p l i e s  

(Reference 8).  

-15- 



The USGS sampled this network before and after detonation, before 

and after drillback, and following each of the three gas produc- 

tion tests with the same negative results. 

IV. LONG-TERM HYDROLOGIC MONITORING PROGRAM 

A. Introduction 

The Hydrologic .Program Advisory Group (HPAG) reviewed the Long-Term 

Hydrologic Monitoring Program proposed for the Rulison site at their 

December 12, 1971, meeting. They found the program adequate and 

recommended its immediate initiation. 

-16 - 



B. Sampling P o i n t s  F i g u r e s  5 and 6 

DEPTH 
FEET WELLS 

150 

145 

130 

93 

45 

Lee L. Hayward Ranch Wel l  

Rober t  Searcy Ranch Well  

A l b e r t  Gardner Ranch Well  

(Schwab) 

F e l i x  Se fcov i c  Ranch Well  

CER Tes t  Wel l  

SPRINGS 

Grand V a l l e y  City Supply 

P o t t e r  Ranch Spr ing  

Spr ing  

SURFACE WATER 

Ba t t l emen t  Creek a t  
Nearest  Down Grad ien t  
Access ib le  L o c a t i o n  

A n a l y l i c a l  r e s u l t s  a re  l i s t e d  i n  

F l e x i b i l i t y  remains i n  t h e  mon 

PROBABLE 
LOCATION FORMATION 

T7S, R95W, Sec. 10, P le i s tocene  
NE 1/4,  SE 1/4,  NW 1 / 4  

T7S, R95W, Sec. 10, P l e i s t o c e n e  
NE 1/4,  SE 1 /4 ,  SW 1 / 4  

T7S, R95W, Sec. 20, P l e i s t o c e n e  
NE 1 /4 ,  NW 1 /4 ,  NW 1 / 4  

T7S, R94W, Sec. 6 Recent 
SE 1 /4 ,  SE 1 / 4 ,  SE 1 / 4  

T7S, R95W, Sec. 14 ,  Recent 
SW 1/4,  SW 1 / 4  

T7S, R95W, Sec. 5 --- 
SE 1/4,  SW 1 / 4 ,  SE 1 / 4  

T6S, R94W, Sec. 31 --- 
NW 1 /4 ,  NW 1/4,  NW 1 / 4  

T7S, R95W, Sec. 25 --- 
NW 1/4,  NW 1/4,  SW 1 / 4  

T7S, R95W, Sec. 15, --- 
SE 1/4,  NE 1 / 4  

t h e  Appendix. 

t o r i n g  program t o  t h e  e x t e n t  t h a t  

m o n i t o r s  a re  d i r e c t e d  t o  c o l l e c t  f o r  ana lys i s ,  water  samples f rom 

any water  system about which t h e r e  i s  l o c a l  p u b l i c  concern. 

Approp r ia te  w e l l s  w i l l  be added t o  t h e  m o n i t o r i n g  network as t h e y  

become a v a i l a b l e .  Some w e l l s  e v e n t u a l l y  w i l l  be l o s t  t o  t h e  program 

by  d e s t r u c t i o n .  
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APPROX. 
THICKNESS GENERAL LlTHOlOGY 

100' Low terrace, floodplane. and alluvial deoosits "Recen to' 

(IUATERNARY 
"Pleistocene" 

Terrace and fan sand and gravel, pediment 
gravel. colluvium. mudflow, and solifluction 
deposits 

200' 

Basalt flows underlain by variegated claystones 
and gravel I (7) 1,000' 

TERTIARY 
O i l  shales, marlstones,'and sandstones (dark color) 

Bright colored clays and shale with minor sandstone 

Green River 

'da sa t c h 

2,100 '  

5.000' 

1 .oool 

50'  

~ ~ 

Fort Union 

Ohio Creek 

Isle Ly 

~ 

Brown-gray shale and coal 

Sandstone and conglomerate 

Shale - sandstone 
Shale 2,500' 

S'lale - sandstone 
CRETACEOUS 

1,700'  

600' 

Gray snale 

Shale - Sandstone 
Mancos 

Natur I ta 

Dakota 
Cedar Mt. Sands tone 200 '  

I Morrison 
Variegated shale and sandstone with interbedded 
tuff and ash JURASSIC 800 '  

Red arkosic sandstone 600 '  State Bridge 

Schoolhouse 
TRIASSIC 

6 0 '  Sands tone 

Continental red beds interbedded with white 
Weber type sandstone 

Buff-red sandstone 
PERMIAN 

Hinturn 

Maroon 
1,000' 

Evaporites (chiefly anhydrite) 
2.800 ' 

Be I den 
PENNSYLVANIA ~~ ~ ~~ 

Gray LO Dlack shale with basal conglomerate 

Mad i son, etc. I CAMBRIAN THROUGH 
M I S S I S S I P P I A N  

Limestone. dolomite and quartzite 4 700' 

"Basement" metamrphics and plutonics PRE-CAMBRIAN 

F i g u r e  6 :  Rulison Area S t r a t i g r a p h y  
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C. Frequency of Sampl ing 

Samples will be collected annually, at about the same dates each year. 

Sampling frequency will be increased appropriately if analytical 

results suggest this would be advantageous. 

D. Analyses 

The hydraulic head, temperature in OC, pH, and electrical conductance 

are recorded at the time of sample collection. 

Prior to October 1, 1979, each sample was analyzed for gamma emitters 

and tritium. Gross alpha and beta radioactivity measurements were 

made on all samples collected. After October 1, 1979, these analyses 

were discontinued in favor of high-resolution gamma spectrometry using 

a GeLi detector. For each sample location, samples of raw water and 

filtered and acidified water are collected. The raw water samples are 

analyzed for tritium by the conventional method. Those samples with 

concentrations that are below the detection level for this method are 

then analyzed by the enrichment method. Portions of the filtered and 

acidified samples are analyzed for gamma emitters. 

-20- 



. E .  Sample Retention 

F. 

A split of each sample collected is retained for specific nuclide 

determination until it is demonstrated that the need to retain them 

does not exist (normally one year from date of collection). 

Flagging System 

A computer flagging system to detect anomalous analytical results and 

make appropriate notification is operational on a routine basis. 

Incoming analytical results are compared by computer with historical 

results. In the event that significant change is observed, appro- 

priate DOE and EPA staff are notified. Steps are taken as necessary, 

including reanalysis of sample splits retained for this purpose and, 

in some cases, resampling to explain the cause for the anomalous 

analytical result. 

G .  Reports 

In the event that a meaningful increase in radionuclide concentration 

is demonstrated, the Health Physics Division, NV,  is to be notified 

immediately. 

-21 - 



Annual reports are to be prepared by EPA/EMSL-LV, which contain. the - 
following: 

1. Description of the sampling network. 

2. Results, with comments on analytical techniques used and degree 

of accuracy achieved. 

3. Interpretation of results. 

4. Evaluation of the monitoring program with suggested modifications 

for its improvement. 
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Rul ison T r i t i u m  Results i n  pCi/L f o r  1972-1982 

1972. 19 76 1977 19 78 19 79 1980 1981 1982 1973 19 74 1975 

3H-3H-------3H-____-__________--- 3 H+ 3H+ 3H 3H+ 3H 3H+ 3H 3Ht 3H+ 3H 3Hf 3H 3H+ 3H 3H+ 3H 3H+ 3H 3Ht 

710+ 390+ 330+ 360+ 3 702 
10- 8.4 

670+ 800+ 380+ 430+ 690+ 11- 8.9 8.3 740+ 
14- 350- (SCHWAB) 240- 250- 1 6- 1 3- 2 70- 

610+ 310+ 390+ 10- 8.8 7.7 
270- 9.8- 230- 

11- 9.5 8.4 
420+ 

1 5- 11- 240- 350- 

350+ 560+ 
240- 

440+ 
230- 350- 11- 

480+ 
11- 

11- 

9 .a- 

10- 

480+ 350+ HAYWARD RANCH WELL 380+ < 300 
230- 1 3- 1 2- 210- 

440+ 360+ 2502 320: SEARCY RANCH WELL 740+ 

650+ 310+ 300+ 240: 250: 
350- 

510+ 
240- 240- 12-. 1 5- 

S E F C O V I C  RANCH WELL 580+ 

510+ GARDNER RANCH WELL 770+ 420+ 

520+ 880+ 300+ 310+ 290: 3202 

580+ 2302 240+ 190+ 280+ 
7.7- 8.0- 9.6- 

540+ I CER TEST WELL 770+ 
10 240- 250- 1 5- 16- c 
I 

350- 8.9 
610+ 800+ 

11- 

320+ 350+ 510+ 350+ 
230- 240- 1 3- 19- 9.6- 

BERNKLAU RANCH WELL 250+ 

GRAND VALLEY CITY 270+ 170+ 1302 40+ 3 12 4 6: 74: 
5.8 

565 
6.8- 6.6 6.1 

POTTER RANCH SPRING 9.4 8.2 

SPRING (300 YDS. 
N.W. OF GZ) 

11- 9.6 < 6  8.3 < 20 SUPPLY (SPRING) 230- < 300 

680+ 2802 230t  2105 270+ 
7.6- 

170+ 730+ 9.2 7.7- 7.1- 

460+ 
240- 350- 9.5 

180+ 2105 130+ 190+ 270+ 
8.5- 

510+ 740+ 450+ 480+ 
11- 350- 230- 250- 1 3- 1 6- 9.3- 

510+ 580+ 300+ 250+ 
12- 1 3- 

BATTLEMENT CREEK 860+ 
(SURFACE) 240- 240- 1 5- 

330+ 850+ 
13- 350- 

240+ 140+ zoo+ 190+ 
9.1- 8.2- 8.5- 7.1- 

3H 
3H+ = T r i t i u i n  analys is  by enrichment method. 

= T r i t i u m  ana lys i s  by convent ional  method. 
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